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RESEARCH MEMORANDUM 

JJJiDING AND TAXIING TESTS OVER'VARIOUS 

TYPES OF RUNWAY  LIGHTS^ 
By Robert C .  Dreher and Sidney A.  Batterson 

An investigation was made a t   t he  Langley landing-loads t r a c k   t o  
obtain  data on the  landing-gear loads developed  during  landing and taxi ing 
t e s t s  over various  types of runway l igh t s .  The t e s t s  were made a t  forward 
speeds of 112 t o  167 feet   per  second with a f igh ter  nose landing  gear and 
of 13.8 t o  143 feet   per  second with a larger  main landing  gear. The resu l t s  
show the  increase  in loads caused by s t r iking  the  l ights .  

INTRODUCTION 

For the  past  several  years a great   deal  of e f fo r t  has been devoted 
t o   t h e  improvement  of  runway l ight ing  in   order   to  reduce the  minimum 
v i s i b i l i t y  requirements which currently impose a severe limit on f l i g h t  
operations i n  poor weather. The r e s u l t s , o f  some recent   f l igh t   t es t s  have 
indicated  that, when l igh t s   a r e   i n s t a l l ed  along  the runway center   l ine  in  
the  landing  area, most a i r c ra f t   a r e  capable of landing  safely under con- 
d i t ions   tha t  approach zero  ceiling and zero  vis ibi l i ty .  Because of the 
favorable  results  obtained  during  these  tests,   the  operators of both 
mili tary and c i v i l   a i r c r a f t   a r e  now very  anxious t o  have this   type of 
l igh t ing   ins ta l led  on a l l  major runways. These l igh ts ,  in order t o  pro- 
vide  adequate  illumination, must protrude above the runway surface because 
a f lush   l igh t  cannot t ransmit   l ight   paral le l   to   the  surface and, i n  addi- 
t ion,  i s  d i f f i c u l t   t o   s e e  at the  very low angles which are   character is t ic  
of a i r c ra f t  approaches.  Since  the  lights must be instal led  in   the  landing 
areas,  airplanes will land and t a x i  over them many times. A t  the  present 
time there are no data avai lable   regmding  the  effect   that   s t r iking  these 
protruding  lights w i l l  have on the loads developed on the   a i rc raf t .  

'The information  presented  herein was previously  given  limited 
dis t r ibut ion.  
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In order  to  obtain  information on t h i s  problem, the  National  Advisory 
Committee f o r  Aeronautics  has  conducted a series of landing and taxi tests 
over some of the  proposed l i g h t s   a t t h e  Langley landing-loads track. Also 
included were .tests of several  types  of r u n w a y  edge lights. It is  the  pur- 
pose  of t h i s  .paper to   p resent   the  results of this   invest igat ion.  

Most of the tests were made with a s m a l l  fighter nose  gear at for -  
ward speeds of 112 t o  167 feet per second; however, some tests were made 
with a larger  landing  gear at forward  speeds  of 13.8 t o  143 feet   per  second. 

The experimental  data are presented in   t abu la r  and time-history form 
with no attempt at detailed  analysis.  

DESCRIPTION OF  LIGHTS E E D  FOR TESTS 

This  investigation was carried  out  with  f ive  different  l ights 
( f igs .  1 t o  5 ) .  Figures 1 and 2 are  the  Elfaka and  Westinghouse l i gh t s  
which are  proposed  for  installation in the runway landing  areas.  Fig- 
ures 3 t o  5 show the edge l i gh t s .  

Figure 6 is a drawing  of the  Elfaka  l ight   (Structural  Concrete 
Products Corp., New York 16, N .  Y. ) and shows the  pertinent dimensions. 
The l i gh t  source i s  located under t h e   f l a t   s t e e l   p l a t e  and shines  out 
through  the  grating. The f ront  of the  grating i s  level  with  the runway 
surface and the  grat ing  r ises  1/2 inch from f ron t   t o   r ea r .  The surface 
of t he   f l a t   me ta l   p l a t e   l i e s  1/2 inch above the runway. When installed,  
the  concrete  surrounding  the  light on the  sides as well as in   t he   r ea r  
i s  sloped down t o   t h e  runway a t  an angle of about 1'. In  order  to  simplify 
changing the  orientation of t he   l i gh t   i n   t he  runway, the  uni t   tes ted was 
a casting made with  the  actual   l ight   as  a pattern  but  with some modifi- 
cat ions  to   the under side.  I n  addition,  the  length of the 6-inch-wide 
s t e e l   p l a t e   a t   t h e  end of the  grat ing was reduced from approximately 
4 f e e t   t o  2 feet .   Figure is  a drawing of the  uni t  used for   these   t es t s .  

The Westinghouse l i g h t  ' (Westinghouse Elec t r ic  Corp., Pittsburgh 30, 
Pa. ) , shown in   f igure  2, i s  12 inches i n  diameter  and  protrudes 7/8 inch 
above the runway surface.  Light from a source  located  directly  beneath 
the cover i s  transmitted  along  the runway  by a system of lenses which 
are   bui l t   in to   the  glass   top.   Since  ra is ing  the  l ight  improves i t s  i l l u -  
mination  characterist ics,   tests were also made with  this   l ight   ra ised 
5 / 8  inch.  Figure 8 i s  a photograph of the Westinghouse l igh t   ra i sed  
5 / 8  inch. 



The AGA expendable-top l i gh t  (AGA, Div. of Elast ic  Stop Nut Corp. 
of America, Elizabeth, N.  J .) ,  shown in   f igure  3, derives i t s  l i g h t  from 
a  source  located  beneath  the runway surface and the   l igh t  is ref lected 
along  the runway i n  each  direction by the two reflectors  supported  in 

the  plast ic   top.  The top is  approximately > inches  high and T1 inches 

i n  diameter; it i s  very  l ight and merely shat ters  when it i s  struck by 
the  landing  gear wheel. 

1 
8 8 

The C - 1  l i g h t  (Westinghouse Electr ic  Cow. and Revere Electr ic  Mfg. 
Co., Chicago 40, Ill. ) , shown in   f i gu re  4, i s  approximately 12 inches 
high and i s  mounted on a  frangible  coupling. The coupling i s  made t o  
f racture  approximately 1/4 inch above ground l eve l  upon col l is ion.  

1 
P 

The ANL-9 l i g h t  (Revere Electr ic  Mfg. Co.), shown in   f igure  5 ,  is  

approximately 9 inches  in  diameter and protrudes 3 inches above the 

r u n w a y  surface. The l i g h t  source i s  located below the runway  and 
reflected  in  the  desired  direction  through  a system of lenses  in  the 
glass  portion of the  top. 
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APPARATUS, TEST PROCEDURE, AND INSTRLMENTATION 

Method of Testing 

The t e s t s  were made  by simulating  actual  landings and taxi  runs 
during which the  landing  gear wheel ran over the   l igh ts .  The landing 
gear was mounted on the  carr iage  a t   the  Langley  landing-loads  track which 
was brought up to   the  desired  horizontal   veloci ty  by  means of a  hydraulic 
je t   catapul t .  (See r e f .  1.) Figure 9 is a photograph of the  carriage,  
which i s  60 f ee t  long, 30 f ee t  wide, and weighs approximately 
100,000 pounds. The carriage  straddles  a  concrete runway having surface 
character is t ics  which are  representative of most presently  used runways. 
A l l  the   l igh ts   t es ted  were  mounted i n  t h i s  runway. In  the  landing-impact 
t e s t s   i n i t i a l  touchdown occurred on and in  the   v ic in i ty  ahead of t he   l i gh t .  
During t h e   t a x i   t e s t s   i n i t i a l  touchdown was made well ahead of the   l igh t .  
Two landing  gears were used  during  the  test, an F-94C nose landing gear 
and a B-57 main gear. 

F-94C Nose-Landing-Gear Tests 

Figure 10 i s  a  schematic drawing of the F-94C nose-landing-gear test  
apparatus which was used to  attach  the  landing  gear  to  the  carriage.  The 
nose landing  gear was mounted rigidly  near  the end of an a r m  which pivoted 
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i n  a vertical  plane  about a bearing  attached t o  the  main carriage. The 
s t ee l   p l a t e   a t t ached   t o   t he '  arm added suf f ic ien t  weight t o  simulate  the 
maximum static  load  condition. The landing  gear was normal t o   t h e  a r m  
and was supported at i ts  two trunnion  points and a t  the  drag 1- attach- 
ment. This method of support  held  the yaw a t t i t ude  of the  upper par t  of 
the  landing  gear  fixed  rigidly at Oo. The only   res t ra in ts   to  yawing of 
the wheel were the shimmy  damper and wheel trail angle.  Figure 11 is  a 
photograph of the F-94C nose landing  gear mounted for   t es t ing .  

The landing  gear was equipped  with a 2oX4.4, type VII, 10-ply- 
r a t i n g   t i r e .  The t i re   in f la t ion   p ressure  w a s  l 5 O  pounds per  square  inch, 
and the  pressure in the oleo-pneumatic  shock  absorber was 202 pounds per 
square  inch, when f u l l y  extended.  This  pressure  corresponds t o   t h e  
heavily  loaded  condition. The s ta t ic   load  between t h e   t i r e  and  runway 
surface was 2,l5O pounds, and the weight of the lower or unsprung portion 
of the strut, which includes  the wheel, t i r e ,  and fork, was 60 pounds. 

P r i o r   t o  each test  the  landing  gear was raised so t h a t   t h e   t i r e  was 
6 1  inches above the runway. It was held in   t h i s   pos i t i on  by a bomb shackle 

mounted on the main carriage. During the   t es t ,   the  bomb-shackle release 
was actuated  a t  a predetermined  point  along  the  track  allowing  the  landing 
gear t o  f a l l  f reely.  No provision was made for  simulating wing l i f t  forces 
during  these  tests.  The ver t ical   veloci ty  a t  the  instant  of touchdown f o r  
a l l   t e s t s  was 5.7 feet   per  second and the  horizontal   velocity covered a 
range between 112 and 167 feet  per second. The test  apparatus was posi- 
tioned so that  the  landing  gear was essentially  vertical   throughout  the 
en t i re  impact. Most of t h e   t e s t s  were made with  the wheel s e t  at a yaw 

angle of Oo. Some tests, however,  were made with  the wheel yawed 8- lo 

(clockwise  rotation when viewed from above).  This was accomplished by 
rotating  only  the lower portion of the  gear. The wheel was held  in this 
position against the   r e s t r a in t  of the shimmy damper by a cable which was 
released  just  before  the wheel touched down  on the  runway. 

8 

3 

Tests were m a d e  on the  Elfaka  l ight mounted i n  three  different  posi-  
t ions   in   the  runway.  The positions will be r e f e r r e d   t o  as A, B, and C. 
Figure 1 shows the   l i gh t  mounted in   posi t ion A. In  this posit ion,   the 
longitudinal  center  l ine of the  l ight  coincided  with  the  center  l ine of 
the runway, and the  landing  gear wheel t raveled  in   the  t rough  direct ly  
down the  center of the  grating.  Position B was obtained by sh i f t ing  
the   en t i re   l igh t  1 inch  transversely so  t h a t   t h e   t i r e   r o l l e d  along  the 
top of one of the ribs i n  the  grating. For posit ion C the   l igh t  was 

rotated go (clockwise when viewed from  above) to   ob ta in  a diagonal trav- 

erse  of the  grating. In this position,  the wheel entered midway between 
3 
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t h e   f i r s t  two ribs on the  r ight   s ide of the  grat ing  ( r ight   s ide as viewed 
from  an airplane  approaching  the  light).  Figure 12 i s  a photograph of 
the  l ight   in   posi t ion C. In  a l l   the   posi t ions  concrete  was placed  around 
the   - l igh t  so tha t   the  wheel experienced  the same changes in   e levat ion 
while traveling over the   l igh t  and adjacent  concrete as occur on an actual  
ins ta l la t ion .  

Instrumentation was provided t o  measure the   ver t ica l  and drag  loads 
developed upon striking  the  lights.  Strain-gage  accelerometers were 
mounted on the  apparatus i n  the  locations shown in   f igure  13. Also shown 
in   t h i s   f i gu re  is the load c e l l  used t o  measure the load  in   the  drag  s t rut .  
The ver t ical   load developed between t h e   t i r e  and the   l igh ts  on the runway 
was obtained by summing the   ver t ica l   iner t ia   reac t ions  of the upper and 
lower  masses at the  desired  instant of time. Drag loads  applied  to  the 
t i r e  were obtained by summing the  horizontal component of load measured 
by the drag strut and the  iner t ia   react ion of an effect ive lower mass i n  
the drag direction. An effective lower mass must be used fo r  determining 
drag loads  s ince  in   this   di rect ion  there .  i s  no clearly  defined boundary 
between, the upper and lower masses as exis ts   in   the  ver t ical   d i rect ion.  
The value  obtained  for  the lower mass was 1.39 slugs. The method used 
f o r  determining  the  effective lower mass is described in the appendix. 
A correction was appl ied  to   the drag s t r u t  load to   e l iminate   the  effect  
of the moment caused by the   ve r t i ca l  load act- 2 inches  behind  the  strut 
ve r t i ca l  axis. (See f ig .  10.) 

Although wire  resistance  strain gaQes were  mounted on the  nose 
landing  gear i n  the  locations shown in   f igure  13, they were not  used 
during a large  part  of the  investigation. About  midway in the   t e s t  pro- 
gram the  connections to   these  gages were destroyed  during an impact with 
one of the  lights.  Since  only low values of un i t   s t ress  had been recorded 
up to   this   point ,   these gages were not  put back into  service.  

B-57 Main-Landing-Gear Tests 

A limited  investigation,  consisting  only of taxi te s t s ,  was  made 
with  the B-57 main landing  gear.  Figure 14 is a photograph of t h i s  gear 
mounted on the  carriage. The s t a t i c  weight on t h e   t i r e  was 20,000 pounds, 
and the weight of the lower or unsprung portion of the  gear was 534 pounds. 
The landing  gear was equipped  with a 44x13, type VII, 26-ply-rating t i r e .  
The t i r e  pressure w a s  140 pounds per  square  inch, and the  pressure  in  the 
oleo-pneumatic  shock strut when f u l l y  extended was 292  pounds per  square 
inch. All runs were made with  this  landing gear  arbitrari ly  inclined 
forward a t  a fixed  angle of 15' t o   t he   ve r t i ca l .  The horizontal and ver- 
t i c a l  loads between the tire and the   l igh ts  were measured by a dynamometer 
bu i l t   in to   the  main carriage.  Appropriate  inertia  corrections were made 
through the  use of accelerometers mounted  on the  landing  gear. 
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RESULTS AND DISCUSSION 

F-94C Nose-Landing-Gem Tests 
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The effects  of  str iking  the  various  types of lights  during  landing 
impact  and taxi ing are shown in figures 15 t o  25. The tes t  conditions 
and the  maximum loads and accelerations  for  landings m a d e  on p la in  con- 
crete  are l i s t e d   i n  table I. Table I1 contains similar values  for  the 
landing  impacts and taxi runs made on the   l igh ts .  It is important t o  
note  that   the  values  appearing  in  table I1 are a d i r ec t   r e su l t  of s t r ik ing  
the   l i gh t ,  and most of them were obtained w h i l e  t he  wheel was i n   ac tua l  
contact  with  the  light. The values of vertical  accelera$ion  appearing 
i n   t h e  figures and tab les  axe  increments above the  1 g datum. 

Elfaka  l ight   uni t .  - In   t ab l e s  I and I1 ..and i n  figure 15, it can  be 
seen  that,  in  general,  larger  values of m a x i m u m  ver t ica l   load  were obtained 
during  landings on the  Elfaka  l ight  than on plain  concrete.  This was 
caused  primarily by t h e   t i r e ,  which had  been forced down into  the  grat ing,  
being  forced t o  climb out  onto  the  f lat   metal   plate.  (See f ig .  7.) The 
m a x i m u m  drag l oads   l i s t ed   i n   t he   t ab l e s  show that  smaller  loads were devel- 
oped on the   l igh t   than  on concrete. It was a l so  found tha t   fo r   ce r t a in  
test   conditions,   the wheel  developed marked yawing oscil lations  while 
negot ia t ing  the  l ight .  

The e f fec t  of t he   l i gh t  on v e r t i c a l  load is i l l u s t r a t e d   i n  figure 16 
where the  maximum incremental  upper mass ver t ica l   acce le ra t ion  i s  plot ted 
against   the  distance between i n i t i a l  touchdown and the  Elfaka  l ight unit. 
Upper mass accelerations are presented  ra ther   than  the  actual   ver t ical  
loads, because small i r r egu la r i t i e s   i n   t he  runway cause  appreciable  dis- 
to r t ions  of the load data. Maximum acceleration  occurred on the   l igh t  
only  for   the group  of tes ts  i n  which touchdown ranged between 12 and 
34 f e e t   i n   f r o n t  of the   l igh t ,  and i n  each of these tests the  m a x i m u m  
acceleration  occurred at climbout.  This figure and f igure 17 shows t h a t  
the  acceleration caused by climbout was as much as 60 percent  greater 
than  the  acceleration  developed  during  landings on plain  concrete. Fur- 
thermore,  the  largest  accelerations were obtained  during  landings made 
on the  yawed light.   Figure 16 also  indicates  that  the  loads  are  inde- 
pendent of the  lateral  posit ion of the  wheel on the   l igh t ,   s ince   the  
same load was obtained when the wheel traveled  along  the  ridge of the  
grat ing and in   the  t rough.  A comparison of the  two t r iangle   po in ts ,   fo r  
which touchdown occurred a t  12.5 and 26 f e e t   i n   f r o n t  of t he   l i gh t ,  show 
that the  maximum load is  larger  when climbout  occurs la te  i n   t h e  impact. 
This i s  i l l u s t r a t ed   i n   f i gu re  18 which shows time h is tor ies  of the  ver- 
tical  accelerations  obtained  during  these two t e s t s .  
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The ef fec t  of the   l igh t  on drag load w a s  apparent  only  during  the 
period in which the wheel was being spun up to   fu l l   r o l l i ng   ve loc i ty .  
Figure 19 shows that  with  the  exception of an i n i t i a l  high peak, caused 
by climbout,  the drag load developed on the   l igh t  was much smaller  than 
on concrete.   Since  the  vertical   loads  for  both  tests were substantially 
the same while the  wheel was negotiating  the  l ight,   the spin-up  coeffi- 
c ient  of f r i c t i o n  developed on the   l igh t  was smaller than on concrete. 

High-speed moving pictures (1,000 frames per  second) showed rather  
violent yawing osci l la t ions of the wheel dur ing   the   t es t s   in  which the 
l i gh t  was yawed and i n i t i a l  touchdown occurred  either on the  grating  or 
less   than a foot   in   f ront  of it. I n  t h i s  group  of tes t s ,   the   l a rges t  
oscillations  occurred  during  the yawed wheel landings.  Figure 20 i s  a 
photograph of the  t rack made  by the wheel during one of  these runs and 
shows that  the  landing  gear  experienced a considerable amount of s ide 
deflection  while  passing  over  the  light. 

Westinghouse l igh t . -  The values in table  I1 and figure 21 show that 
the maximum ve r t i ca l  load developed  during a landing impact on the normal 
Westinghouse l i gh t   fn s t a l l a t ion  is  approximately the same as  those  obtained 
for the  unyawed Elfaka  l ight.  The tables  also  Fndicate  that  the maximum 
ve r t i ca l  loads developed  during taxi t e s t s  over t h i s   l i g h t  were almost as 
large  as  the maximum impact loads obtained  during  the  landing  tests made 
on plain  concrete.  Figure  22(a) shows the  large lower mass vert ical   accel-  
eration  obtained  during one of these   t es t s  and indicates  that  these  loads 
are  primasily caused by the  rapid  rise  experienced by the wheel while 
ro l l ing  over the   l igh t .  It can be seen i n  figure 22( b)  tha t   ra i s ing   the  
l i gh t  5/8 inch caused some incresse   in   the   ver t ica l  and drag loads; how- 
ever,  the most s ign i f icant   resu l t  was the  large  increase i n  the upper 
mass vertical   accelerations.  

AGA expendable-top edge l ight . -  One taxi t e s t  was made over the  AGA 
expendable top   l igh t .  The loads developed in  the  landing  gear while 
ro l l ing  over t h i s   l i g h t  were small, however, some t i r e  d.amage occurred 
during t h i s  run. Ffgure 23 is  a photograph of t he   t i r e   t aken  immediately 

' a f t e r   t he  run and shows the  cuts caused by ro l l i ng  over this l ight.   Fig- 
ure 24 is  a photograph of the  l ight  taken immediately a f t e r   t he   t e s t .  

C - 1  edge l ight . -  One taxi t e s t  was made during which the  landing 
gear  struck  the C - 1  l i gh t .  Table I1 shows that most of the  instruments 
were driven  off  scale,  indicating  that  the  highest loads obtained from 
this   invest igat ion were developed  during this test .   Taxiing over this 
l igh t  a l s o  resu l ted   in  a considerable amount of t i r e   cu t t i ng .  

I -  

ANL-9 edge l ight . -  One taxi tes t  was m a d e  over the ANL-9 semiflush 
l igh t .  During t h i s  run the rim of the  landing  gear wheel was bent  while 
passing  over  the  light.  Figure 25 is a photograph of the  wheel damage 
which occurred  during  the run. 
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B-57 Main-Landing-Gear Tests 

A s  stated  previously,  only taxi t e s t s  were made with  the B-57 main 
landing  gear. The maximum ve r t i ca l  and drag loads developed between the 
l i gh t  and t i r e  and the  horizontal   velocity of the   gear   a re   l i s ted  i n  
table  111. The  maximum ve r t i ca l  load was obtained  during a t e s t  over 
the  ANL-9 l ight ;  however, t e s t s   w i th   a l l   t he   l i gh t s  gave comparable loads. 
This  load was almost 40 percent  greater  than  the  static ground load for 
this  landing  gear. The maximum drag load was obtained  during a t e s t  made 
with  the C - 1  l igh t ,  and was approximately 60 percent of t h e   s t a t i c  ground 
load. This i s  in   contrast   to   the  data   obtained  with  the F-94C gear which 
indicated  that   ver t ical  and drag loads  obtained  during t e s t s  of these 
same l igh t s  were very much larger  than  the  static  loads.  This would indi- 
cate   that   the  loads developed on a small  landing  gear  whlle  taxiing  over 
these   l igh ts   a re   re la t ive ly  more severe  than  those  developed on a larger  
gear. 

During the   se r ies  of four   tes ts  which were made over the ANL-9 l i g h t  
( table  111), the  horizontal   velocity was different   for  each test,  varying 
from 13.8 t o  143 feet   per  second. It is in te res t ing   to   no te   tha t   the  
maximum drag  loads  developed  during  taxiing  over  the  light  occurred  during 
the   t es t s  made at the  intermediate  velocities.  This  indicates  that  the 
dynamic response  characteristics of the  landing  gear have an e f fec t  on the 
value of the drag load  over  the  range of veloci t ies  covered  during t h i s  
se r ies  of t e s t s .  

SUMMARY OF RESULTS 

The pr incipal   resul ts   indicated by these  tes ts   are  as follows: 

2. Yawing osci l la t ions of the F-94C nose landing  gem wheel were 
developed  during  landings on the yawed Elfaka  light when i n i t i a l  touch- 
down occurred on the  grating, or less  than a foot   in   f ront  of it. 

3. The loads  developed on the  small nose landing  gear  while  taxiing 
over  the  lights were re la t ive ly  more severe  than  those  developed on the 
larger main gear. 

Langley  Aeronautical  Laboratory, 
National  Advisory Committee for  Aeronautics, 

Langley Field, Va., March 21, 1958. 



APPENDIX 

METHOD USED TO DETERMm EFFECTIVE LOWER MASS 

ACTING IN DRAG DIRECTION 

The apparatus shown in  f igure 10 was s e t  up with  the  t i re   Clem of 
the ground and the  landing  gear  vertical. A drag load was appl ied  to  
the wheel axle and suddenly  released. During the  ensuing  vibration, 
measurements were obtained of the lower mass acceleration and the  load 
in   the  drag  s t rut .  The values of the  horizontal component of load i n   t h e  
drag s t r u t  were plotted  against  axle  accelerations  obtained at the same 
time. These data  are shown in   f igure  26. The slope of the  l ine  indi-  
cates  the  value of the  effect ive lower mass act ing  in   the drag direction. 
Figure 26 shows t h a t   t h i s  value was, f o r  a l l   p r a c t i c a l  purposes,  inde- 
pendent of shock s t r u t  displacement. 



10 NACA RM ~ s C 2 8 a  

1. Joyner, Upshur T . and Horne, Walter B. : Considerations on a Large 
Hydraulic Jet Catapult. NACA TN 3203, 1954. (Supersedes NACA 
RM ~ 3 1 ~ 2 7 .  ) 



TABLE I 

- 

Test 
lumber 

1 

2 

3 

4 

- 

TEST CONDITIONS AND MAXIMUM LQADS AND A C C E W T I O N S  OBTAINED  DURING 

LANDING IMPACTS ON CONCRETE (F-94C NOSE  LANDING GEAR) 

Iert ical  
load, 
lb 

I 

Drag 
load, 
l b  

Hori - 
zontal 
speed, 
fPS 

2,400 160 

2,300 145 

D r a g  
strut 
load, 

Upper 
mas s 

vert ical  
l b  acceleration, 

g units 

(a) 

10,905 2 .oo 

2.13 

11,555 1-77 

9,560 1 -97  

Lower 

ver t ica l  
acceleration 

g units 

Ca) 

mass 

17 

13 

13 

14 

Lower 

drag 
scceleration, 

g units 

mas s 

32.1 

30.6 

30.8 

29.3 

Lower 

side 
xceleration, 

mass 

g uni ts  

9.2 

11.3 

15.7 

18.2 

aAcceleration  values axe increments above 1 g datum. 
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F S S  

Iawer 

vertical 
.cceleratio~ 

g units 

0 

msss 
Lwer 

sceleratio. 
side 

g u n i t e  

1istanc.Z 
tram 

touchdown 
:o light, 

f t  

-3.0 Touchdown on light 
1.0 

226 Taxi test 
252 Taxi test 
234 Taxi test 
240 Taxi test 

41.8 Max- vertical l oad  occurre 

33.6 Maxinnrm vertical load occurre, 

27.7 Maxinnrm vertical load occurre, 

27.1 Maxinnrm vertical load O E C U T T ~ ~  

21.8 Maxtrmrm vertical load occurre 

17.5 Maximum vertical load occurre( 

ll feet ahead of light 

on  light 

0" light 

on  light 

on  light 

on  light 

15 feet  past Ront of light 
6.0 - vertical load D ~ E U I T ~ ~  

24.3 

5.2 

6.1 
4.4 

5.4 

3.3 

5.9 

8.1 

5.3 

"" 

15.2 

"" 

"" 

20 

le 
E5 

15 

14 
7 

4,870 2,040 166 
4 890 ----- 159 
3'590 290 157 
3'440 175 143 

3JM) 75 
2:760 70 1% 

ll,710 1.45 

1,385 .56 
9,680 1.01 

1,240 .45 
1,190 .3e 
1,470 .46 

"" 

"" 

"" 

"" 

"" 

"" 

"" 

"" 

"" 

"" 

"" 

15 

33 

29 

27 

16 

ll 

12 

lfaka light 

nose-wheel 
in position 

y a w  angle 00 

"" 

"" 

Lfaka light 

nose-wheel 
i n  position 1 

y a w  angle Oo 

33 
x) 

18 

34.3 
6.8 

5.4 

l l . 3  
16.6 

22.3 

-1.3 Touchdm on  light 
28.8 Max* vertical load occurre' 

36.5 vertical load occurrec 
on light 

8 feet  ahead  of  linht 

7,145 1.41 
1,545 .36 
2,490 2.97 

29.3 
10.5 
10.2 

13.7 

5.8 

3.7 

58.6 
6.4 

18.2 

24.3 

20.4 

16.1 

E54 Taxi test 
.7 

24.0 hxlwm vertical l oad  occurrei 

24.5 Maxtrmrm vertical lard oecurrei 

25.0 Maximum vertical load occurrei 

37.8 Maximum vertical load occurrei 

an light 

on  light 

on  light 

5.6 feet ahead  of  liaht 

Lfalra light 
in  position ( 
nose-wheel 
y a w  angle 00 

2,5x) 3.15 

1,645 3.26 

1,085 1.83 

51 
42 
17 

31 

50.9 
20.4 
16.9 

5.7 

42.9 
53.5 
31.4 

"" 

6,460 1,630 162 

7,370 1,690 149 

10,170 970 159 

""_ " "_ 167 9ak.S light 
in  ponition C 
nose-wheel 

yaw angle 

vertical load occurred 

on  liaht 

44 
49 
51 
54 
37 

40 

3 . 9  
27.8 
19.5 

56.5 
u . 4  

39.1 

13.2 
9.6 
"" 

"" 

"" 

"" 

.40 576 Taxi test 
357 Taxi test 
370 Taxi test 
355 Taxi test 
15.9 Haxlmm vertical load occurred 

1.5 feet past ligt 
21.8 Maximum vertical load occurred 

on light 

274 laxi teet 
313 Taxi test 
366 Taxi test 

282 Taxi test 

stinghouse 

light 
semiflush 

58 
56 
56 

53.8 
58.2 
56.9 

16.4 
16.6 
15.2 

stinghouse 

light  raised 
semiflush 

2 inch 
A expendable- 
top 

I 

4" 3,610 

47.5 26.9 56 

51 b60.0 53.5 352 ]Taxi test 
+ , O D  I 4.22 54 64.5 

aAcceleration  values are increments  above 1 g datlrm. 
bAccelertrmeter  hit  stop. 



NACA RM L58C28a 13 

mu I11 

MAXI"  LOADS AND FORWARD  SPEEDS  FOR B-57 MAIN LANDING GEAR 

r Light I c-1 

Westinghouse 

AN-L-9 

I 

Maximum 

load, load, 
drag ve r t i ca l  

Maximum 

lb lb 

26,610 8 , 841 
26,939 

27,101 1 1,578 

Horizontal 
velocity, 

fPS I 
133 -0  
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Figure 1.- Elfaka light unit ins$al led  in  runway a t  Langley landing-. 
loads track  (position A ) .  



L-57-4070 
Figure 2.- Westinghouse  light  unit  installed  in  runway  at  Langley  landing-loads  track. 



L-57-4067 
Figure 3.-  AGA expendable-top light instal led i n  runway a t  Langley landing-loads  track. 



-#  
b 

L-57-4065 
l igh t   ins ta l led  i n  runway a t  Langley landing-loads  track. 





Sec t ion  B-B 

- 1" above 
A- 2 runway n 

Sec t ion  A-A 

I 
Sec t ion  C-C Sec t ion  D-D 

Figure 6 .  - Elfaka light unit. 



Sect ion  A-A 

Sect ion B-B 
Sec t ion  C-C 

Figure 7.- Simulated  Elfaka l i gh t  unit used dur ing   tes t s   a t  Langley 
landing-loads  track. 

Iu 
0 

r Climbout 



Figure 8. - West  inghouse 
L-57-4069 

light  unit  installed  in runway at  Langley  landing-loads  track 
raised 5/8 inch. 



Figure 9. - Carriage of Langley landing-loads track. L-95476 

L 



-/Main car r iage  - 

i 

Bomb shackle c 
Bombshackle 

L 

8" d iame te r   so l id   s t ee l   ba r  
1 

---" Landing-gear 
trunnion 

FORWARD 

LFront  bearing 

Figure 10.- Schematic drawing of F-94C test apparatus with landing gear normal t o  runway 



i 

L-57-3477 
Figure 11.- F-94C nose  landing  gear  mounted for testing  at Langley landing-loads track. 



L-57-4062 
Figure 12.- Installation of Elfaka  light  unit  yawed 8- (position C) . lo 

3 
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Figure 13.-  Sketch of F-94C nose landing gear showing h s t m e n t  
locations. 



Figure 14.- B-57 main landing gear mounted for t e s t .  L-57-1338 



Climbout 

"----i 
- Elfaka Light (Test No. 15) 

" Concrete (Test No. 2 ) 

Time, sec 

Figure 15.- T h e  histories  of the vertical  loads  developed  on the F-94C nose  landing  gear 
during  landing  impacts on plain  concrete  and  on  Elfaka  light.  Vertical  velocity, 
5.7 feet  per second; horizontal velocity,  approximately 150 feet  per  second. 



- I(uinm acceleration  occumd on l ight  __ 

0 

F 
i2 

0 Position A 
0 Position B t-r 
0 Position C vl 
A Position C, wheel yawed 8 l/jO m 03 

Iu 
03 
P 

0 0 
"" """"""""" 

/o 0 

Figure 16.- Variation of maximum incremental  upper mass vertical   acceleration with distance 
from touchdown t o  Elfaka l i gh t  during landing  tests of F-94C nose landing  gear. Hori- 
zontal  velocity range 153 t o  167 feet   per  second; vertical   velocity 5.7 feet   per second. 



4 

3 

2 

1 

G 

-1 

-Elfaka Light  (Test No. 30) 

--Concrete  (Test No. 2) 

S t a r t  of light 

\ 

/ 
Climbout 

I I 

I , I  I I I I I I I I I I 
.oh .08 .12 16 .20 2 4  

Time, sec 

Figure 17.- Time  histories  of  incremental  upper mass vertical  acceleration  developed on 
F-94C nose  landing  gear  during  landing  impacts  on  plain  concrete  and on Elfaka light. 
Vertical  velocity, 3.7 feet  per  second;  horizontal  velocity,  approximately 150 feet  per 
second. 

w 
0 



4 

3 

2 

1 

0 

Test No. 30 

” Test No. 29 

Climbout \ 

/ C1imbout 

.08 020 

Figure 18.- Time  histories  of  incremental  upper  mass  vertical  acceleration  developed on 
F-94C nose  landing  gear  during  landing  impacts on Elfaka  light.  Vertical  velocity, 
5.7 feet  per  second;  horizontal  velocity,  approximately 150 feet  per  second. 
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5 

4 

3 

2 

1 

0 

-1 

- x1d Vertical  

/ \  " / ' *  
\ 
\ 

Elfaka Light (Test No. 18 

" Concrete (Test No. 1) 

/ End Of light 

\ 
\ 
\ 

I I I I I I I I I I 
.02 .04 .O6 .O8 010 

Time, sec 

Figure 19.- Comparison of ve r t i ca l  and drag  loads developed on 
F-94C nose gear  during  landing  impacts on concrete and the 
Elfaka l i gh t .  



L-57-3688 
Figure 20.- Photograph of track left by F-94C nose-landing-gear wheel 

while negotiating yawed Elfaka  light  (position C). (Wheel entered 
light  at  grating.) 



x 103 
Start of light 

\ - 

- 

- 

- 

- 

- 

1 

- 

L 

0 0 OL 08 12 16 .20 24 
!2 

Time, sec I? 
u 

Figure 21. - Time  history of vertical  load  obtained on F-94C nose  landing  gear  during landing 8 Iu 

P 
03 impact on Westinghouse  light  (test 36). 



a 

-2 
0 .02 0 .02 .Oh 

(a) Normal installation,  test 32. (b) Raised 5/8 inch,  test 38. 

Figure 22.- Time histories of loads and vertical accelerations  obtained 
on F-94C nose  landing  gear  during  taxi  test  over the normal and 
raised Westinghouse light  installations. 
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L-57-3669 
Figure 23.- Cut i n  F-94C nose gear t i re  caused by taxiing  over 

AGA expendable-top light. 
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L-57-3672 
Figure 24.- AGA expendable-top  light  after  F-94C  nose wheel roll-over 

test. 
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i:ii 
I I I I I I I 

Ir 8 12 l’6 xio2 
Acceleration,  ft/aea2 

39 

Forae, lb 

20 

Symbol Strut extension, in. 
0 8 
0 3 
0 1 

16 

12 

8 

I I I I I I 

-12 -8 

i;’j -8 

-12 

-16 

-20 

Figure 26 .- Variation  of  horizontal  component of force  in  drag  strut 
with  horizontal  acceleration  of  axle  during  free  vibration  tests 
of  F-94C  nose  landing  gear. 

NACA - Langley Fleld, Va. 


